Primate lentiviruses initiate infection by binding to two cell membrane receptors, CD4 (24) and one of several chemokine receptors (1, 4, 6, 7, 10, 17, 18, 20) . CCR5 is the coreceptor used by primary, macrophage-tropic human immunodeficiency virus type 1 (HIV-1) isolates which are most frequently transmitted between humans (13, 14) . The CXCR4 chemokine receptor is utilized by T-cell-line-adapted HIV-1 isolates (6, 20) , and viruses using this coreceptor are isolated from about onehalf of infected individuals late in the course of disease (37) . Viruses using CCR5 or CXCR4 coreceptors are now termed R5 and X4, respectively (5) . Several other chemokine receptors, including CCR2b, CCR3, STRL33, and gpr15 and gpr1 can mediate virus entry (2, 9, 19) , but CCR5 appears to be the most widely expressed and utilized (40) . The natural ligands for CCR5 are the chemokines macrophage inflammatory protein (MIP)-1␣, MIP-1␤, and RANTES (regulated on T-cell activation, normal T-cell expressed and secreted) (12) . N-terminal modifications of RANTES result in antagonists that can block HIV-1 infection without signaling calcium flux (23, 32, 35) . These modifications include N-terminal truncation (RANTES ) (3) and the addition of methionine (32) or the substitution of Ser-1 of RANTES by the n-pentane oxime of glyoxylic acid (AOP) at the N terminus of RANTES (35) . AOP-RANTES was particularly effective at blocking infection with R5 HIV-1 isolates in vitro, perhaps due to its inhibition of receptor recycling (23) .
These observations led us to investigate the activity of AOP-RANTES and a novel N-terminal modification, N ␣ -nonanoyl-RANTES (hereafter referred to as NNY-RANTES), as antagonists of HIV-1 infection in a small animal model. SCID mice repopulated with human peripheral blood mononuclear cells (hu-PBL-SCID mice) are highly susceptible to HIV-1 infection by a variety of isolates, including R5, R5X4, and X4 viruses with minimal sequence differences (26) (27) (28) 31) . A major concern about antagonists for a single chemokine coreceptor is their potential to select for viruses that use alternative coreceptors. Although the evolution from R5 to X4 viruses is very slow in patients, the selective pressure of a potent CCR5 blocking agent might rapidly select for X4 variants. To address this concern experimentally, we used virus derived from the 242 molecular clone to infect hu-PBL-SCID mice, since this R5 isolate needs only a single amino acid substitution to become R5X4, and it needs only three changes to become X4 (8, 36) .
MATERIALS AND METHODS
Synthesis of AOP-and NNY-RANTES. N-terminal-modified chemokines were prepared by total chemical protein synthesis as previously described (38) . The Nterminal modifications were incorporated by an on-resin reaction of RANTES with the preformed oxime n-pentyl-O-NACHCOOH as the last step in the chain assembly to give AOP-RANTES thioester or with nonanoic acid to give N ␣ -nonanoyl-RANTES thioester. Native chemical ligation (16) of the purified unprotected peptide segments of AOP-RANTES thioester with RANTES in aqueous buffer gave the full-length polypeptide produced in reduced form, which was folded with disulfide formation in aqueous buffer and purified by reversed-phase high-pressure liquid chromatography (HPLC). The folded AOP-RANTES was homogeneous on HPLC and gave a molecular mass of 7,901.02 Ϯ 0.8 Da on electrospray ionization mass spectroscopy (calculated average isotope composition, 7,901.2 Da). NNY-RANTES was similarly prepared by chemical ligation of N ␣ -nonanoyl-RANTES thioester with RANTES . The folded NNY-RANTES was homogeneous on HPLC and gave a molecular mass of 7,899.96 Ϯ 0.01 Da on electrospray ionization mass spectroscopy (calculated average isotope composition, 7,900.21 Da). Large amounts (Ͼ50 mg) of purified folded proteins were obtained from a single research scale synthesis of each analogue. Multidimensional nuclear magnetic resonance measurements showed that both N-terminal analogue proteins were conformationally homogeneous (data not shown).
Generation of hu-PBL-SCID mice. C.B-17 SCID mice were bred under specific-pathogen-free conditions at The Scripps Institute and tested for mouse immunoglobulin M (IgM) production at 8 weeks of age. Mice with Ͻ5 g of IgM per ml were engrafted with peripheral blood mononuclear cells (PBMC) prepared from Epstein-Barr virus (EBV)-seronegative donors from the Scripps General Clinical Research Center pool. SCID mice were injected with 20 ϫ 10 6 PBMC intraperitoneally and checked for plasma levels of human IgG after 12 to 13 days. Mice with Ͼ100 g of human IgG per ml were used for HIV-1 infection. Each experiment used mice generated from a single, different EBV-negative donor. All three donors were genotyped for the CCR5 ⌬32 mutation and were homozygous wild type.
HIV-1 virus pools. Infectious stocks of the 242 molecular clone were made by transfecting 293 cells with a full-length molecular clone provided by Bruce Chesebro. Virus recovered from the culture after 48 h was used to infect PBMC cultured for 4 days with phytohemagglutinin (PHA; 2 g/ml) and for 2 days with interleukin-2 (IL-2; 20 U/ml). Infectious virus was recovered after 7 to 10 days of culture, and the tissue culture infectious dose (TCID) of the virus was determined by endpoint titration. Mice were infected with 1,000 TCIDs of virus. Sequencing results showed that our original 242 infectious stock differed from the published sequence by having an H rather than R in position 21 of the V3 loop (see Table 2 ). This 242H variant was used for all of the experiments depicted in Fig. 2 . A second lot of the 242 clone was prepared subsequently and shown to retain the original sequence. The original sequence was also recovered from one animal (NNY-2 R3 in Fig. 2B ), which could have resulted from either mutation or selection of the original R sequence from a virus pool dominated by the 242H variant.
In vitro assays. PBMC were collected from normal blood samples by density centrifugation. CD4 ϩ T cells were separated by depletion of other cell types by antibody treatment and immunomagnetic bead separation. Whole PBMC or separated CD4
ϩ T cells were cultured at 5 ϫ 10 4 cells per well in 96-well microtiter plates. Cells were activated with PHA and IL-2 for 3 to 4 days, the medium was replaced with concentrations of AOP-or NNY-RANTES ranging from 12,660 to 1.27 pM (100 ng/ml to 1 pg/ml), and the cells were incubated for 30 min at 37°C and then infected with 100 TCIDs of HIV-1 in the continued presence of modified RANTES. After overnight incubation, free virus was removed, and fresh medium containing the original concentration of modified RANTES was added. The wells were sampled on days 4, 7, and 10 after infection, and p24 HIV capsid antigen was measured by enzyme-linked immunosorbent assay (ELISA) (NEN Life Sciences, Boston, Mass.).
Administration of CCR5 antagonists to mice. AOP-or NNY-RANTES were dissolved in 0.9% saline at 2.5 mg/ml (316 M). Alzet 2001 mini-osmotic pumps (ALZA Pharmaceuticals, Palo Alto, Calif.) were loaded with 200 to 225 l of compounds or bovine serum albumin (BSA) as a control. Pumps were surgically implanted subcutaneously under halothane anesthesia between the scapulae, and the incision was closed with a single wound clip. Pumps were observed for proper placement during the course of the experiment. A single intraperitoneal (i.p.) injection of 1 mg in 0.4 ml of either RANTES compounds (126.6 M) or BSA was administered just prior to virus infection. These concentrations were based on the solubility and the availability of the compounds and not on prior pharmacokinetic studies.
Virus infection in mice. Infection of hu-PBL-SCID mice with HIV-1 was determined by plasma HIV-1 RNA levels measured by the quantitative Roche PCR assay (Amplicor HIV Monitor; Roche Molecular Systems, Somerville, N.J.). The limit of detection was 200 to 400 copies/ml, depending on the plasma volume available. Depletion of CD4 ϩ T cells was measured by flow cytometry. Cells recovered from the peritoneal cavity or regional lymph nodes of hu-PBL-SCID mice were stained with fluorescein-or phycoerythrin-labeled antibodies to human CD3, CD4, CD8, or CD45 and mouse H-2K d (Pharmingen, San Diego, Calif.) and analyzed with a FACScan (Becton Dickinson, Mountain View, Calif.) flow cytometer. CD4
ϩ T cells are expressed as a percentage of total CD3 ϩ cells recovered.
RANTES levels in mice. Plasma from hu-PBL-SCID mice was analyzed for RANTES antagonists by ELISA (R & D Systems, Minneapolis, Minn.) by using standard curves for either AOP-or NNY-RANTES. Plasma was diluted either 1:10 or 1:100 to bring the RANTES concentration into the optimal sensitivity range of the assay.
V3 envelope sequences. RNA was extracted from mouse plasma by using the Qiagen viral RNA kit (Qiagen, Valencia, Calif.). RNA was converted to cDNA by reverse transcriptase PCR. cDNA was amplified by nested PCR with the following primers: outer V3 sense, CCAATTCCCATACATTATTG; outer V3 antisense, ATTACAGTAGAAAAATTCCCC; inner V3 sense, CAGTACAATGT ACACATGGAATT; and inner V3 antisense, AATTTCTGGGTCCCCTCCT GA. The final 356-bp product was cloned by using the TOPO TA Cloning Kit (Invitrogen, Carlsbad, Calif.), and the resulting product was subjected to automated sequencing (ABI; Perkin-Elmer, Foster City, Calif.). The final sequence encodes 54 amino acids 5Ј of V3 and 50 amino acids 3Ј of V3. Although only the translated V3 sequence is reported in Table 2 , the entire sequence was examined, and there were no mutations outside of V3. Note that HIV-1 242 has a V3 region of only 34 amino acids compared to the clade B consensus length of 35. The consensus G at position 24 is deleted in the 242 clone (8) , so substitutions 3Ј to this deletion are aligned to the consensus sequence (i.e., no position 24 residue exists in these sequences).
Use of coreceptors. The coreceptor usage of viruses recovered in these experiments was tested by two independent methods. First, the viruses were used to infect PHA-and IL-2-activated PBMC cultures derived from a donor who is homozygous for the CCR5 ⌬32 mutation (22) and thus fails to express CCR5. Second, virus isolates were grown on GHOST cells transfected with either CXCR4 or CCR5 and a reporter construct encoding enhanced green fluorescent protein. These cell lines were obtained through the NIAID/NIH AIDS Research and Reference Reagent Program and were contributed by Vineet N. KewalRamani and Dan R. Littman. Infection of GHOST cell lines was detected by flow cytometry at 5 days after the addition of virus.
RESULTS

Inhibitory activity of AOP-and NNY-RANTES in vitro.
The ability of AOP-RANTES and NNY-RANTES to inhibit R5 virus infection, including the R5 242 isolate of Chesebro et al. (8) , was confirmed by in vitro experiments. The results show that both AOP-RANTES and NNY-RANTES were effective at inhibiting the infection of activated PBMC with the R5 SF162 isolate (data not shown) as well as with the two variants of the R5 242 HIV-1 isolate (Fig. 1 , also see Table 2 ). Both AOP-RANTES and NNY-RANTES failed to inhibit infection with X4 isolates (data not shown). In contrast to the more potent inhibition of SF162 (26a), ADA, and JR-CSF (30a), R5 HIV-1 isolates, NNY-RANTES was not more potent than AOP-RANTES at inhibiting the replication of either the 242H or 242R variants in vitro. HIV-1 242R (with an R rather than an H at position 21 of V3) was more resistant to inhibition than was 242H with either of the two CCR5 antagonists. This suggests that minor sequence changes in V3 may impact the affinity of the envelope-CCR5 interaction. AOP-RANTES thus demonstrates the previously observed specificity for CCR5- using HIV-1 isolates (35) , and NNY-RANTES has a similar specificity and equal or higher potency (30a). The 242H isolate was used for all subsequent experiments.
Activity of AOP-and NNY-RANTES in hu-PBL-SCID mice. We performed three replicate experiments in hu-PBL-SCID mice to evaluate the in vivo efficacy of AOP-or NNY-RANTES. Because we anticipated rapid clearance from plasma and wished to maintain stable levels of the CCR5 antagonists, they were administered at the rate of 316.5 nM (2.5 g)/h by continuous infusion by using subcutaneously implanted osmotic pumps. In addition, a single dose of 126.6 M (1 mg; ϳ50 mg/kg) of each antagonist was injected i.p. just prior to virus infection. Serial plasma HIV RNA determinations were performed on the treated and control hu-PBL-SCID mice after infection with HIV-1 242. In the experiment shown in Fig. 2A , mice were infused with AOP-RANTES or BSA as a control. Plasma concentrations of AOP-RANTES ranged from 157 to 604 pM on day 7 of infusion ( Table 1 , experiment A). Two of the four mice treated with AOP-RANTES had undetectable viral RNA levels at the end of the 7-day infusion period, but virus levels increased in all mice once AOP-RANTES administration was halted. Thus, as used here, AOP-RANTES was capable of reducing viral load, but it could not prevent HIV-1 infection despite plasma levels that were fully inhibitory in vitro (Fig. 1) .
We therefore tested the inhibitory capacity of NNY-RANTES in the next two experiments. Infusion of NNY-RANTES followed the same dose and schedule as AOP-RANTES (126.6 M or a 1-mg bolus injection given i.p. followed by 316.5 nM or 2.5 g/h delivered with an Alzet pump) but led to a mean plasma concentration of 96 pM (Table 1 , experiment B) on day 7 of infusion, a level with less than complete inhibitory activity in vitro (Fig. 1) . Nonetheless, four of five hu-PBL-SCID mice infused with NNY-RANTES had undetectable viral RNA levels on day 7 of the infusion period, and only one additional animal subsequently developed viremia (NNY-2 R3 in Fig.  2B ). NNY-RANTES treatment was thus successful in preventing R5 HIV-1 infection in three of five mice, despite achieving five-to sixfold lower plasma concentrations than AOP-RANTES. This experiment was repeated with a different human donor to generate hu-PBL-SCID mice to confirm inhibition of infection at such low concentrations of NNY-RANTES. This experiment also used the same dose and schedule of NNY-RANTES administration and resulted in even lower mean plasma concentrations of NNY-RANTES (75 pM in Table 1 , experiment C). However, the inhibition of virus infection was similar to the previous experiment, with NNY-RANTES preventing infection in three of five mice (Fig. 2C) . Virus and viral sequences from the two mice that became infected were further characterized (see Table 2 , below). NNY-RANTES thus was able to prevent HIV-1 infection in 6 of 10 hu-PBL-SCID mice (Fig. 2B and C) at plasma concentrations lower than the 50% inhibitory dose for HIV-1 242H (ϳ150 pM; Fig. 1 ) in vitro.
We also measured the relative survival of human CD4 ϩ T lymphocytes in hu-PBL-SCID mice treated with each CCR5 antagonist. Table 1 compares the recovery of CD4 ϩ T cells (as a percentage of the total CD3 ϩ T cells) in the peritoneal cavity of individual mice treated either with BSA or with AOP-or NNY-RANTES at 2 weeks after infection. Both AOP-and NNY-RANTES were able to slow the depletion of CD4 ϩ T cells, even in mice where HIV-1 infection was not prevented.
NNY-RANTES but not AOP-RANTES selected for coreceptor switch variants under these experimental conditions. To determine whether virus from hu-PBL-SCID mice that became infected despite treatment with AOP-or NNY-RANTES was evading the antagonists by mutating from CCR5 to CXCR4 coreceptor utilization, we amplified proviral DNA envelope genes directly from hu-PBL-SCID mouse tissue and sequenced the region surrounding the V3 loop, a critical determinant of coreceptor usage (11) . V3 sequences observed in the mice are shown in Table 2 . In the first experiment ( Fig. 2A) , sequences obtained after 2 weeks of infection from all mice treated with AOP-RANTES were identical to the starting 242 virus isolate (which was found to contain an H in place of the published R at position 21, a change that had occurred prior to the initiation of these experiments). In the second experiment (Fig. 2B) , HIV-1 sequences recovered after 4 weeks of infection from the two mice that became infected despite treatment with NNY-RANTES differed. One mouse had the sequence of the starting 242 isolate (except for one clone with a replacement mutation at position 30), while the other mouse showed a reversion of the H at position 21 to the R present in the original molecular clone. The presence of H or R at position 21 in these isolates did not impact CCR5 usage but may have impacted susceptibility to NNY-RANTES (Fig. 1 ) and the rate of replication in vitro (Fig. 3B) . These results show that although sequence variation was occurring in this experiment and there may have been selection for sequence variants (either preexisting or generated by mutation) that were less sensitive to NNY-RANTES inhibition, there was not rapid selection for HIV-1 variants that used alternative coreceptors for viral entry. However, viral sequences amplified after 4 weeks of infection directly from two hu-PBL-SCID mice that became infected despite NNY-RANTES treatment (mice NNY-3 R4 and NNY-3 R5) in the third experiment (Fig. 2C) revealed the same three replacement mutations in V3 (Table 2 , part C), although there were no other replacement or silent mutations in the remainder of the 356-bp PCR product (data not shown). The changes of S to R at position 11, H to R at position 21, and E to K at position 25 conferred upon these viruses reduced susceptibility to NNY-RANTES and the ability to use CXCR4 for infection. These two viral variants showed reduced sensitivity to inhibition by NNY-RANTES in primary PBMC cultures (Fig. 3A) . The ability to use CXCR4 for virus entry was demonstrated by infection of CD4-transfected HeLa cells (MAGI cells [34] , which are not permissive for R5 viruses [data not shown]) and by infection of PBMC cultures from an individual homozygous for the CCR5 ⌬32 mutation (Fig. 3B) . The coreceptor usage of the isolate from mouse NNY-3 R4 was further confirmed by the infection of GHOST cells transfected with either CXCR4 or CCR5. The results are shown in Fig. 4 . The 242H isolate used for infection could infect only cells expressing CCR5 (Fig. 4A and B) , but the NNY-3 R4 isolate with mutations in the V3 region was capable of infecting both CXCR4-and CCR5-expressing target cells (Fig. 4C and D) . a Each mouse is individually designated as in Fig. 2 . AOP-R or NNY-R means the animal was treated with either AOP-or NNY-RANTES.
b CD4 ϩ T cells are reported as a percentage of total CD3 T cells recovered from the peritoneal cavity of each animal. ND, not determined.
c Below the limit of detection of 200 copies/ml. 
a Sequences in part B were derived from the two mice in Fig. 2B . Sequences in part C were derived from the two mice in Fig. 2C . Viruses recovered from mice treated with BSA were also sequenced, and all contained the 242H sequence as in part A. ng/ml) NNY-RANTES retained the predominant sequence shown in Table 2 , experiment C, as did viruses propagated on CCR5-negative cells (as in Fig. 3B ), so continued selective pressure was required to maintain this genotype, and such viruses were highly resistant to NNY-RANTES. These results demonstrate that the viral sequences recovered directly from infected cells from mice NNY-3 R4 and NNY-3 R5 represent NNY-RANTES-resistant mutations.
DISCUSSION
These results show that it is possible to block HIV-1 infection with N-terminally modified RANTES compounds in vivo but that the more effective inhibitor was able to select for coreceptor switch variants during the 1-week treatment period ( Fig. 2 and 3 ). Inhibition of virus infection occurred with plasma levels of 50 to 113 pM NNY-RANTES and 500 to 630 pM AOP-RANTES during continuous administration of the antagonists, levels that are lower than the average concentration (ϳ2.5 nM) of native RANTES in human plasma (39) and, for NNY-RANTES, levels that were lower than the in vitro 50% inhibitory concentration (Fig. 1) for the 242H virus isolate. There has been one previous report of a chemokine receptor antagonist (AMD3100) that displayed efficacy against X4 HIV-1 infection in SCID-hu mice, albeit at concentrations of greater than 100 nM (15) , but ours is the first report of antiviral activity of a CCR5 antagonist in vivo. The finding that AOP-RANTES was poorly effective at preventing infection and that even NNY-RANTES was not completely effective suggests that the pharmacokinetics of these molecules will need to be manipulated to ensure higher circulating concentrations and that further improvements may have to be made in receptor affinity. It should be noted that even the low doses of NNY-RANTES achieved were similar in activity to a potent neutralizing antibody for the prevention of HIV-1 infection of hu-PBL-SCID mice (21, 30) . Mice that were not protected from infection had lower viral RNA levels and higher CD4 ϩ T-cell counts than the controls, suggesting that CCR5 antagonists may be useful in treating established infection.
The duration of the cellular response to CCR5 antagonists is currently unknown. If compounds such as AOP-and NNY-RANTES inhibit virus entry by sequestering CCR5 in the cytoplasm (23), then CCR5 antagonists may have an extended period of activity despite their short half-life in plasma. Alternatively, if antagonists only interfere with gp120 binding by receptor occupancy, then they may need to be constantly present at effective inhibitory concentrations. We chose to administer AOP-and NNY-RANTES by both bolus injection and continuous infusion. It is not clear whether both are required for the observed inhibition of virus infection, but preliminary results suggest that neither a single bolus injection nor continuous infusion alone were sufficient to prevent HIV-1 infection. The steady-state concentrations of NNY-RANTES were lower than those of AOP-RANTES under identical administration conditions. This implies a more rapid turnover of NNY-RANTES, but differential rates of receptor recycling might also have the same effect. The low levels achieved make it even Fig. 2C . These viruses were expanded in vitro for 7 days prior to the addition of NNY-RANTES. Envelope sequences were obtained from the virus at this time point and after 5 days of culture in the presence of 12.7 nM (100 mg/ml) NNY-RANTES. Sequences from the isolate NNY-3 R4 obtained after culture with NNY-RANTES matched the sequence shown in Table 2 , part C, obtained directly from the infected hu-PBL-SCID mouse, but sequences obtained before the addition of NNY-RANTES showed several clones with a reversion to a 242 sequence. The NNY-RANTES inhibition data therefore reflect a population of virus sequences, with only a fractional representation of the NNY-RANTES resistant variants. (B) Replication of HIV-1 in cultured PBMC from a normal donor (CCR5 wt/wt) or a donor without CCR5 expression (CCR5 ⌬32/⌬32). Both of the starting 242 virus isolates (H or R at position 21 of V3) were unable to replicate in the CCR5-negative cells, but the viruses recovered from mice NNY-3 R4 and NNY-3 R5 were able to replicate in these cells. As noted above, this experiment was done after 7 days of culture in normal PBMC, and there was no longer sequence homogeneity in the NNY-R4 and NNY-R5 isolates at this time. more surprising that 60% of the challenged hu-PBL-SCID mice were protected from HIV-1 infection by NNY-RANTES.
The emergence of viruses capable of using CXCR4 under the selective pressure of the concentrations of NNY-RANTES used in these experiments demonstrates that the inappropriate use of CCR5 antagonists could generate more pathogenic variants, since there is general agreement that the course of disease progression is accelerated with the switch from R5 to R5X4 viruses (14, 33) . The experiments described here were conceived to test this possibility, and the choice of the HIV-1 242 isolate as the challenge virus should have increased the probability of coreceptor switch variants, since it is known that only a single amino change will generate the 241 sequence which is an R5X4 virus (36) . However, both of the hu-PBL-SCID mice that developed NNY-RANTES resistant viruses independently generated the same three replacement mutations rather than the E-to-Q substitution at position 24 that distinguishes HIV-1 241 from HIV-1 242 (8) . If primary patient R5 isolates require more mutations to generate altered coreceptor usage they may take longer to emerge, but our results suggest that this is very likely to happen. The selective amino acid replacements at positions 11 and 25 of V3, positions known to influence coreceptor usage (8, 25, 29) , and the absence of other mutations (either silent or replacement) argue for highly selective pressure exerted by NNY-RANTES treatment under the conditions of these experiments. The Hto-R change at position 21 also occurred in these viruses as well as in the viral variant recovered from one additional mouse (NNY-R3 in experiment 2 [ Fig. 2] ) and was shown to decrease susceptibility to NNY-RANTES (Fig. 1) as well as the in vitro replication rate (Fig. 3) . The rapid reversion of these viruses to the starting sequence in vitro in the absence but not in the presence of NNY-RANTES suggests that the viral variants are less fit for in vitro replication, but they persisted for 3 weeks after cessation of NNY-RANTES treatment in hu-PBL-SCID mice. It is thus not clear that these coreceptor switch variants would be more highly pathogenic than the starting virus in infected humans, although that possibility clearly exists. The rapid selection of CCR5 antagonist-resistant virus mutations observed in hu-PBL-SCID mice suggests that similar experiments could rapidly map the amino acid substitutions required for resistance to these and other antagonists in patient isolates.
These results strongly reinforce the view that clinical use of blocking agents for CCR5 alone would be unwise and that cocktails of antagonists directed toward known coreceptors or antagonists with broader specificity will be required for safe and effective therapy of HIV-1 infection in humans. Nonetheless, the potent activity of NNY-RANTES in preventing infection of 60% of challenged animals at very low concentrations suggests that HIV coreceptors are important targets for current and novel inhibitory agents.
